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PHASE COMPARISON AND PHASE 
ADJUSTMENT FOR SYNCHRONIZATION 
TO A REFERENCE SIGNAL THAT IS 

ASYNCHRONOUS WITH RESPECT TO A 
DIGITAL SAMPLING CLOCK 

This is a divisional of application Ser. No. 08/571,268 
?led Dec. 12, 1995, now US. Pat. No. 5,808,691. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the synthesis of 
a periodic digital signal having a frequency that is speci?ed 
by the frequency of a periodic reference signal that is 
asynchronous With respect to a sampling clock of the 
periodic digital signal. A preferred embodiment of the 
present invention speci?cally relates to a digital video 
system in Which a digital color subcarrier is synthesiZed and 
synchroniZed to a reference frequency of a crystal oscillator 
that is asynchronous With respect to a digital system clock 
for the digital video system. 

2. Background Art 
Due to advances in semiconductor technology such as 

large scale integration and complementary metal-oxide 
semiconductor processes suitable for mixed analog and 
digital applications, it has become common to fabricate 
complex integrated circuit chips that perform traditional 
analog signal processing functions in the digital domain. 
Typically the signal processing is performed by digital logic 
that is synchroniZed to a system clock that determines the 
digital sampling rate. The traditional analog signal process 
ing functions, however, may require the use or manipulation 
of carrier signals that are asynchronous to the system clock. 

Although it is knoWn that a carrier signal can be generated 
by a digital oscillator circuit, the frequency of a carrier 
signal generated by the digital oscillator circuit is a function 
of frequency of the system clock. Therefore, there is a 
problem if the frequency of the carrier must be more stable 
than the frequency of the system clock. 

The problem of generating a digital carrier synchroniZed 
to a reference frequency asynchronous With respect to the 
system clock arises in the design of a digital TV encoder. 
Digital TV has recently been introduced on a commercial 
scale and is becoming increasingly popular. In order to 
economically transmit digital video signals they are ?rst 
digitiZed and then digitally compressed on the source side. 
After transmission (over the air, cable, or by satellite) they 
are decompressed on the receiver side inside a so-called 
settop decoder box. Digital compression and decompression 
is based on international standards like MPEG and JPEG. 
The output of such a decoder is digital component video data 
in baseband format. 

In order to stay compatible With the input formats of 
existing television receivers and VCRs, the digital compo 
nent video in baseband format needs to be converted back 
into an analog composite video signal. Digital TV encoders 
are usually used to provide this functionality. Composite 
video consists of baseband luminance, baseband 
chrominance, blanking and synchroniZation signals. The 
function of a digital encoder is to combine these four 
components into a single composite Waveform in Which the 
chrominance signal is modulated onto the color subcarrier 
frequency. 
A digital TV encoder typically accepts the video data at 

the MPEG2 clock rate of 27 MHZ:1,350 HZ. Therefore, it is 
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2 
desirable to design the digital TV encoder using digital logic 
circuits clocked at the MPEG2 rate in synchronism With the 
incoming data. A digital TV encoder, hoWever, also needs to 
provide a mechanism of creating the color subcarrier fre 
quency. Typically, the color subcarrier frequency is digitally 
synthesiZed. The synthesis requires a very stable and accu 
rate clock source. The RS170-A speci?cation, for example, 
states that the color subcarrier deviation should be no more 
than 10 HZ at a frequency of 3.579545 MHZ. This relates to 
a deviation of 3 ppm! Typical television receivers can 
maintain color lock With a subcarrier frequency deviation of 
20 ppm Worst case. The MPEG2 clock rate of 27 MHZil, 
350 HZ, hoWever, has a deviation of 50 ppm. Such a large 
deviation upon the frequency of the color subcarrier could 
result in color shifts and complete loss of color in the typical 
television receiver. 

There are tWo Well knoWn solutions to this problem. The 
?rst solution is to provide a long enough FIFO Which is 
clocked on the input side With the incoming MPEG2 clock. 
Data is taken out of the FIFO at the rate of an outgoing clock 
that is synchroniZed to the color subcarrier frequency of 
3.579545 MHZ. This solution is acceptable so long as the 
average pixel rate is constant. 

The second solution is to use an interpolation ?lter for 
interpolating the video data at the rate of the outgoing clock 
that is synchroniZed to the color subcarrier frequency of 
3.579545 MHZ. Such an interpolation ?lter is usually 
expensive, since it requires a long FIR ?lter structure. 

In vieW of the above, there is a need for an improved 
method of synthesiZing a periodic digital signal such as a 
color subcarrier in a digital system such as a digital TV 
encoder having a system clock that is asynchronous With 
respect to the periodic digital signal. 

SUMMARY OF THE INVENTION 

The present invention provides a method of synthesiZing 
a periodic digital signal that has a series of multi-bit values 
at a periodic rate of a sampling clock. The periodic digital 
signal is synchroniZed to a periodic reference signal having 
a precise frequency. By “synchroniZed”, it is meant that the 
frequency of the periodic digital signal is substantially 
speci?ed by the frequency of the reference signal. The 
periodic reference signal is asynchronous With respect to the 
sampling clock, and in particular, the sampling clock may 
have a frequency that is imprecise in comparison to the 
frequency of the periodic reference signal. 
The periodic digital signal is generated by an adjustable 

digital oscillator clocked by the sampling clock. The fre 
quency or phase of the periodic digital signal is compared to 
the frequency or phase of the periodic reference signal to 
produce an adjustment value for adjusting the periodic 
digital signal to synchroniZe the periodic digital signal With 
the periodic reference signal. The digital oscillator, for 
example, generates the periodic digital signal at the sam 
pling rate by periodically incrementing an accumulator With 
the adjustment value. The frequency or phase of the periodic 
digital signal is compared to the frequency or phase of the 
periodic reference signal, for example, by an up/doWn 
counter that is incremented each cycle of the reference 
signal and is decremented each cycle of the periodic digital 
signal to compute the adjustment value. 
The present invention provides a digital synthesiZer for 

synthesiZing a periodic digital signal that is synchroniZed to 
a periodic reference signal that is asynchronous With respect 
to a sampling clock of the periodic digital signal. The digital 
synthesiZer includes an adjustable digital oscillator clocked 
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by the sampling clock for generating the periodic digital 
signal. The adjustable digital oscillator has an adjustment 
input for adjusting the frequency of the periodic digital 
signal in response to an adjustment value. The digital 
synthesizer further includes a comparator connected to the 
adjustable digital oscillator for computing the adjustment 
value by comparing the frequency or phase of the periodic 
digital signal to the frequency or phase of the periodic 
reference signal. The digital oscillator, for example, includes 
an accumulator that is incremented at the sampling rate by 
the adjustment value. The frequency or phase comparator, 
for example, includes an up/doWn counter that is incre 
mented or decremented each cycle of the periodic reference 
signal and is decremented or incremented each cycle of the 
periodic digital signal to compute the adjustment value. 

In a preferred embodiment, a digital color subcarrier in a 
digital TV encoder integrated circuit chip is synthesiZed and 
synchroniZed to a reference frequency of a crystal oscillator 
that is asynchronous With respect to a digital system clock of 
the encoder. A digital oscillator clocked by a system clock 
generates a digital carrier signal, and the frequency of the 
digital carrier signal is adjusted by an adjustment value 
computed by comparing the frequency of the digital carrier 
signal to the reference frequency of the crystal oscillator. 
The system clock is synchronous With video data samples 
encoded by the digital TV encoder. The digital carrier signal 
is used to address read-only memory tables programmed 
With sine and cosine values to produce digital sine and 
cosine color subcarriers. Achroma modulator modulates the 
digital sine and cosine color subcarriers With respective 
demultiplexed chrominance samples to produce a modulated 
chroma signal that is combined With luminance samples, 
sync and blanking to produce a digital composite video 
signal. In order to prevent any noticeable shift in hue in the 
active video, the digital oscillator frequency is adjusted only 
during the horiZontal or vertical blanking interval. 

In the digital TV encoder, it is also desirable to generate 
the horiZontal and vertical sync and blanking from the 
system clock instead of from the color carrier reference 
frequency. In this case, even if the system clock deviates 
from its nominal value, the ?xed relationship betWeen the 
number of pixels (and system clock cycles) per video line 
stays constant. In contrast, analog video signals typically 
have had a ?xed relationship betWeen the color subcarrier 
frequency and the horiZontal line rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description With reference to the accompanying draWings 
Wherein: 

FIG. 1 is a block diagram of a direct broadcast satellite 
(DBS) TV receiver system including an NTSC/PAL encoder 
that incorporates the present invention; 

FIG. 2 is a block diagram of the NTSC/PAL encoder that 
incorporates the present invention; 

FIG. 3 is a schematic diagram of a parallel interface in the 
NTSC/PAL encoder of FIG. 2; 

FIG. 4 is a schematic diagram of a clock generator in the 
NTSC/PAL encoder of FIG. 2; 

FIG. 5 is a block diagram of sync generation circuits in the 
NTSC/PAL encoder of FIG. 2; 

FIG. 6 is a block diagram of a transposed symmetrical 
digital ?lter architecture in the NTSC/PAL encoder of FIG. 
2; 
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4 
FIG. 7 is a schematic diagram of a chroma interpolation 

?lter 47 in the NTSC/PAL encoder of FIG. 2; 
FIG. 8 is a schematic diagram of burst insertion and PAL 

sWitching circuits in the NTSC/PAL encoder of FIG. 2; 
FIG. 9 is a schematic diagram of a chroma modulator in 

the NTSC/PAL encoder of FIG. 2; 
FIG. 10 is a block diagram of color carrier synthesis 

circuits Which use the present invention in the NTSC/PAL 
encoder of FIG. 2; 

FIG. 11 is a schematic diagram of a preferred circuit for 
a frequency/phase comparator used in the color carrier 
synthesis circuits of FIG. 10; 

FIG. 12 is a schematic diagram of a preferred circuit for 
the digital oscillator used in the color carrier synthesis 
circuits of FIG. 10; 

FIG. 13 is a graph illustrating a relationship betWeen the 
output of the digital oscillator of FIG. 12 and digital sine and 
cosine values generated for the chroma modulator of FIG. 9; 

FIG. 14 is a schematic diagram of a sine/cosine generator 
that generates the digital sine and cosine values for the 
chroma modulator of FIG. 9 in response to the digital 
oscillator of FIG. 12; 

FIG. 15 is a timing diagram of the horiZontal blanking 
interval of a video line in the NTSC/PAL format; 

FIG. 16 is a timing diagram of a video line in the 
NTSC/PAL format during a vertical sync interval of a ?eld; 

FIG. 17 is a block diagram of a luma output interpolation 
?lter in the NTSC/PAL encoder of FIG. 2; 

FIG. 18 is a block diagram of the chroma interpolation 
?lter in the NTSC/PAL encoder of FIG. 2; 

FIG. 19 is a block diagram of control circuits for digital 
to-analog converters in the NTSC/PAL encoder of FIG. 2; 

FIG. 20 is a block diagram of each of the eight-bit 
digital-to-analog converters in the NTSC/PAL encoder of 
FIG. 2; 

FIG. 21 is a schematic diagram of an alternative construc 
tion for a frequency comparator; and 

FIG. 22 shoWs an alternative embodiment of the invention 
in Which a phase detector is used in a feed-forWard loop for 
correcting the phase of a digital oscillator to produce a 
digital carrier signal having a frequency substantially match 
ing the frequency of an analog reference signal. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
have been shoWn in the draWings and Will be described in 
detail. It should be understood, hoWever, that it is not 
intended to limit the invention to the particular forms shoWn, 
but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the scope of the invention as de?ned by the appended 
claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Turning noW to FIG. 1, there is shoWn a block diagram of 
a direct broadcast satellite (DBS) TV receiver system 20 
including an NTSC/PAL encoder 21 that incorporates the 
present invention for generation and adjustment of a color 
subcarrier during the encoding of a composite NTSC/PAL 
video signal. Aparabolic antenna 22 receives a microWave 
signal from a satellite (not shoWn) in a geosynchronous orbit 
above the earth. A receiver 23 selects a particular digital TV 
signal in the microWave signal, and converts the digital TV 
signal to a baseband signal. A demodulator 24 demodulates 
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the baseband signal to recover a digital signal. Error cor 
rection circuits 25 employ error correction coding tech 
niques to correct any errors in the digital signal. 
An MPEG decoder 26 receives the error corrected digital 

signal and reconstructs a frame of digital video data in a 
video buffer 27. For example, the digital TV signal contains 
video data that has been compressed according to the 
MPEG2 standard so as to reduce the required microWave 
channel bandWidth for transmission of a high quality video 
signal. The reconstructed frame of video data has luminance 
(Y) and chrominance (U, V) pixels. The MPEG decoder 
transmits the luminance pixels (Y) at a 13.5 MHZ rate, and 
transmits the chrominance pixels (U, V) at a rate of 6.75 
MHZ for each of the tWo chrominance components (U, V). 
The MPEG decoder also transmits a 27 MHZ clock syn 
chroniZed to the transmission of the luminance (Y) and 
chrominance (U, V) pixels. 

The NTSCIPAL encoder 21 receives the 27 MHZ clock 
and the luminance (Y) and chrominance (U, V) pixels from 
the MPEG decoder 26. The NTSC/PAL encoder 21 transmits 
a horiZontal sync signal (HSYNC), a vertical sync signal 
(VSYNC) and a ?eld sync signal (FIELD) to the MPEG 
decoder 26. The MPEG decoder 26 uses these synchroni 
Zation signals to synchroniZe the transmission of the lumi 
nance (Y) and chrominance (U, V) pixels from the video 
buffer 27. 

In accordance With the present invention, the NTSCIPAL 
encoder 21 uses a 3.58 MHZ signal from a crystal oscillator 
to adjust a digitally synthesiZed digital color subcarrier 
signal. The NTSC/PAL encoder 21 modulates the digital 
color subcarrier signal by the chrominance (U, V) pixels to 
provide a modulated chrominance signal. The NTSC/PAL 
encoder 21 adds the modulated chrominance signal to the 
luminance pixels (Y) and inserts sync and blanking signals 
to form a digital composite NTSC/PAL video signal. The 
NTSC/PAL encoder 21 converts the digital composite TSC/ 
PAL video signal to analog form, and transmits the analog 
signal to a video-cassette recorder (VCR) 29 or to a televi 
sion receiver (TV) 30. 

The DBS receiver system 20 further includes a micro 
controller 31 and a control panel 32. The micro-controller 31 
is linked by a shared bus 33 to the receiver 23, the demodu 
lator 24, the error correction circuits 25, the MPEG decoder 
26, and the NTSC/PAL encoder. Auser (not shoWn) operates 
the control panel 32 for selection of a desired digital TV 
signal. The micro-controller 31 responds to the user’s selec 
tion by programming the receiver 23, demodulator 24, error 
correction circuits 25, MPEG decoder 26, and NTSC/PAL 
encoder for reception of the desired digital TV signal. 

Turning noW to FIG. 2, there is shoWn a block diagram of 
the NTSC/PAL encoder 21. A multi-bit digital signal is 
indicated in this block diagram by a slash across a line for 
carrying the multi-bit digital signal, and the slash is labeled 
by a number, such as eight, indicating the number of bits in 
the multi-bit digital signal. Preferably the NTSC/PAL 
encoder 21 is a single-chip integrated circuit employing 
complementary metal-oxide semiconductor (CMOS) circuit 
elements. 

The NTSC/PAL encoder is programmed by the micro 
controller (31 of FIG. 1) via a parallel interface 41 for 
processing either NTSC formatted video signals or PAL 
formatted video signals. The parallel interface 41 also per 
mits the micro-controller to select various features and 
operating parameters of the NTSC/PAL encoder 21, as Will 
be further described beloW. 

The NTSC/PAL encoder 21 has a clock generator 42 that 
receives a 27 MHZ clock on an input line 43 from an external 
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source (such as the MPEG decoder 26 in FIG. 1). The clock 
generator 42 generates tWo clock signals for internal use, a 
27 MHZ system clock (fclk) and a 13.5 MHZ pixel clock 
(fclk/2). The clock generator 42 generates three clock sig 
nals for optional external use, including a symmetrical 27 
MHZ clock signal, a graphics clock (GCLK) at 13.5 MHZ or 
6.75 MHZ, and a fast clock (FCLK) at 54 MHZ. 
The NTSC/PAL encoder 21 has sync generation circuits 

44 that include a set of counters clocked by the 13.5 MHZ 
pixel clock (fclk/2) for generating the horiZontal sync 
(HSYNC), vertical sync (VSYNC) and ?eld (FIELD) syn 
chroniZation signals, and a number of other signals for 
controlling insertion of blanking and color burst signals into 
the composite NTSC/PAL video signal. 
The NTSC/PAL encoder 21 has a front end 45 that accepts 

video data in either YUV or RGB format. In either case, the 
front end 45 converts the video data to 8-bits lumina (Y) and 
8 bits multiplexed chroma (U, V). When accepting RGB 
data, the data are optionally passed through a gamma 
correction look-up table (y=1/2.2) in the front end 45 to 
provide corrected values R‘, G‘, B‘, and then the corrected 
values are transformed to Y, U, V format by nine shift-add 
multipliers in the front end 45 Which perform the folloWing 
computations: 

The multiplexed chroma (U, V) from the front-end 45 is 
?ltered in a chroma loW-pass ?lter (LPF) 46 and up-sampled 
from a 6.75 MHZ rate to a 13.5 MHZ rate in an interpolation 
?lter 47. The chroma signals (U, V) are demultiplexed from 
the interpolation ?lter 47, and burst insertion circuits 48 
insert color burst signals into the demultiplexed chroma 
signals U and V A chroma modulator 49 modulates digital 
sine and cosine color subcarrier signals by the respective 
chroma signals U and V from the burst insertion circuits 48. 

To generate the digital sine and cosine color subcarrier 
signals, the NTSC/PAL encoder 21 receives an analog 
reference frequency signal from an external quartZ crystal. 
For NTSC operation, this analog reference frequency signal 
should be at 3.5795455 MHZ:5 HZ, or about 3.58 MHZ. For 
PAL operation, this analog reference frequency signal 
should be 4.43361875 MHZ:5 HZ. In, accordance With the 
present invention, color carrier synthesis circuits 50 synthe 
siZe a digital signal from this analog reference frequency 
signal, and sine/cosine generator circuits 51 generate the 
digital sine and cosine color subcarrier signals from the 
synthesiZed digital signal. 
The modulated chroma signal from the chroma modulator 

49 is adjusted in a multiplier 52 by a programmed chroma 
amplitude value, and then up-sampled by a factor of tWo in 
an output interpolation ?lter 53. 
The luminance signal (Y) from the front-end 45 is passed 

though an adjustable luma delay line 54 to compensate for 
delay due to processing of the chroma signal through the 
chroma LPF 46 and interpolation ?lter 47. A multiplier 55 
adjusts the amplitude of the luminance signal (Y) by a 
programmed luminance amplitude value. Sync insertion 
circuits 56 insert horiZontal and vertical synchroniZation and 
blanking signals into the adjusted luminance signal (Y), and 
this composite luminance signal is up-sampled by a factor of 


















